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open up new ways to understand the population history 
of southeastern Africa. We investigate the genomic varia-
tion of the remaining individuals from two South African 
groups with oral histories connecting them to eastern San 
groups, i.e., the San from Lake Chrissie and the Duma 
San of the uKhahlamba-Drakensberg. Using ~2.2 million 
genetic markers, combined with comparative published 
data sets, we show that the Lake Chrissie San have genetic 
ancestry from both Khoe-San (likely the ||Xegwi San) 
and Bantu speakers. Specifically, we found that the Lake 
Chrissie San are closely related to the current southern San 
groups (i.e., the Karretjie people). Duma San individuals, 
on the other hand, were genetically similar to southeastern 
Bantu speakers from South Africa. This study illustrates 
how genetic tools can be used to assess hypotheses about 
the ancestry of people who seemingly lost their historic 
roots, only recalling a vague oral tradition of their origin.
Introduction
The history of the San and Khoekhoe groups (some-
times also referred to as Khoisan, Bushmen, or Batwa—
see Online Resource 1, Supplementary Note 1 on the termi-
nology used in the article) in the eastern parts of southern 
Africa remains poorly understood. There is a continuous 
loss of oral traditions, and only fragmentary documen-
tation by European settlers arrives a few hundred years 
ago (Adhikari 2010; Vinnicombe 1976; Wright 1971). 
Unlike the Kalahari San of the western parts of southern 
Africa, most of the southeastern groups disappeared before 
detailed anthropological studies could be undertaken. 
Thus, the origins and affinities of the groups and individu-
als with oral traditions of San ancestry, such as the Lake 
Chrissie San and the Duma San groups of South Africa, are 
Abstract Southern Africa was likely exclusively inhabited 
by San hunter-gatherers before ~2000 years ago. Around 
that time, East African groups assimilated with local San 
groups and gave rise to the Khoekhoe herders. Subse-
quently, Bantu-speaking farmers, arriving from the north 
(~1800 years ago), assimilated and displaced San and 
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of European colonists ~350 years ago. In contrast to the 
western parts of southern Africa, where several Khoe-San 
groups still live today, the eastern parts are largely popu-
lated by Bantu speakers and individuals of non-African 
descent. Only a few scattered groups with oral traditions of 
Khoe-San ancestry remain. Advances in genetic research 
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uncertain. In the 1950s, there were only about 50 San indi-
viduals left near Lake Chrissie (Fig. 1; Fig. S1) (Barnard 
1992; Potgieter 1955; Ziervogel 1955). Most of the older 
generation still knew their own San language, ||Xegwi, at 
the time. Today, only a few individuals still recognize their 
San ancestry, and no one speaks the language or knows the 
||Xegwi cultural practices (see Online Resource 1, Sup-
plementary Note 2 for a more comprehensive review of 
||Xegwi history). It has been suggested that the ||Xegwi 
were remnant individuals from the original ‘Transvaal’ San 
(Sanders 2013; Schoonraad and Schoonraad 1972), such as 
those who inhabited the Honingklip Shelter in Mpumalanga 
(Korsman and Plug 1992), scattered refugee groups from 
the Free State Province (Potgieter 1955; Prins 1999, 2001), 
and/or groups from the uKhahlamba-Drakensberg of Leso-
tho (Mitchell 1990; Prins 1999, 2001). These groups fled 
from the in-coming European settlers and the turmoil that 
resulted from clashes between settlers and Bantu-speaking 
farmers. Historical documents record a large group of San 
individuals migrating from the central uKhahlamba-Drak-
ensberg to the Highveld north of the Vaal River (southern 
Transvaal Highveld) (Filter 1925; Prins 1999, 2001), and 
they could represent a large part of the more recent San 
groups from Lake Chrissie. This inference is corroborated 
Fig. 1  Distribution and population structure of the southern African 
data set. a Geographical locations of new samples (black) and com-
parative data populations from Schlebusch et al. (2012). b Principal 
component (PC) analysis, showing PC1 and PC2. PC1 and PC2 were 
flipped to correspond to geography. For full PCA (PC1 to PC8) and 
unmodified PC1 + 2 of the southern African data set, see Fig. S2. c 
Admixture analysis of the southern African data set showing K2, K3, 
K5, K7, and K8. For full admixture analysis (K2-10), see Fig. S3
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by the fact that the second language spoken by the San of 
Lake Chrissie was Southern Sotho, which is spoken by 
people from Lesotho and surrounding areas (Lanham and 
Hallowes 1956; Potgieter 1955; Prins 1999, 2001).
The ‘Mountain Bushmen’ (Walsham How 1962) or 
‘People of the Eland’ (Vinnicombe 1976) were groups of 
San individuals who inhabited the mountainous regions 
of the current Lesotho, KwaZulu-Natal, Griqualand East, 
and the former Transkei (Barnard 1992). Walsham How 
(1962) reports that when the first Sotho-speaking farmers 
arrived in Lesotho at about 1600 AD, they found the region 
(mostly the lowlands) occupied by nomadic San hunter-
gatherers. Initially, hunter-gatherers and farmers lived with-
out much conflict, and occasionally, Sotho men would take 
San women as wives, or employ young San men for herd-
ing cattle (Walsham How 1962). As a result of encroach-
ing Bantu-speaking farmers from the north and European 
settlers from the south-west, the San of southeastern Africa 
was mostly confined to the high mountains in and around 
current-day Lesotho (Wright 1971), where the Later Stone 
Age archaeological record attest to the long-term hunter-
gatherer occupation. For example, at Melikane Rock Shel-
ter, there is evidence of hunter-gatherers from at least about 
80,000 years ago (Stewart et al. 2012). Here, in the moun-
tains, the San hunted relatively undisturbed until game 
became scarce, and they began stealing livestock from 
the Bantu-speaking and European farmers. Both the lat-
ter groups retaliated by ‘hunting’ and executing San men, 
while San women and children were often taken as pris-
oners and servants, causing those who remained to flee or 
seek protection (Walsham How 1962; Wright 1971). A San 
language was still much spoken in Lesotho by the 1870s, 
and before 1879, there were still numerous San individuals 
in southern Lesotho. Subsequently, their numbers dwindled 
as a result of military campaigns amongst Bantu-speaking 
groups (Sotho and Nguni groups), between Bantu-speaking 
and European farmers, and as a result of farmers (Bantu-
speaking and European) retaliating cattle theft by killing 
San (Walsham How 1962; Wright 1971). Some San groups, 
such as the !Gã !ne (in the Eastern Cape section of the 
Maloti Drakensberg) and the amaThola (who frequented 
the area between the Lotheni and Mzimvubu rivers) expe-
rienced rapid social and genetic transformation. Historical 
documentation clearly indicates that these last surviving 
San incorporated non-San as active members of the group 
resulting in an admixed group (Challis 2008; Prins 2009). 
By the late 1880s, the forces of colonialism finally led to 
the “disappearance” of independent San groups in the 
Maloti Drakensberg region. Those groups who were not 
obliterated by violent conflict, either absconded the region 
altogether or were assimilated by their Bantu-speaking 
neighbors. Although individuals survived for a while, by 
the twentieth century, the San of the region was thought 
to have disappeared (Wright 1971). The Duma San are 
thought to be remnants of the amaThola and other admixed 
San groups now residing in KwaZulu-Natal, South Africa 
(see Online Resource 1, Supplementary Note 3 for a more 
comprehensive review of Duma San history).
Today, skeletal material from archaeological contexts 
interpreted as a mixture between San and African farmers 
(Beaumont 1967; Galloway 1936; Murray 1933; Wells and 
Dart 1934), and residual Khoe-San physical and linguis-
tic features amongst many southeastern Bantu-speaking 
groups (Bourquin 1951; De Villiers 1968; Greenberg 1966) 
are considered as bearing testimony to admixture between 
the hunter-gathers and farmers (Vinnicombe 1976). Indeed, 
the previous genetic work attests to such admixture (Pick-
rell et al. 2012; Schlebusch et al. 2012). In addition, the 
recent work has shown that San hunter-gatherers of south-
ern Africa also admixed with East African pastoralists, 
before they came into contact with Bantu-speaking farm-
ers (Breton et al. 2014; Macholdt et al. 2014a; Schlebusch 
et al. 2012), probably resulting in what is today known as 
the Khoekhoe population of southern Africa, who are tra-
ditionally associated with a herding lifeway, but who still 
hunted and gathered wild plant foods. Admixture, socio-
economic diffusion of hunting and herding lifeways, lin-
guistic affinities, and shared worldviews between the vari-
ous San and Khoekhoe groups of southern Africa resulted 
in the currently used collective term ‘Khoe-San’. Distin-
guishing between populations, for example, to determine 
specific group relations or closest affinities, is becom-
ing increasingly difficult as a result of lost traditions and 
merged cultural and genetic histories.
Linguistic classification is the traditional method used to 
help decipher Khoe-San population histories and relation-
ships (Fig. S1; Table S1) (Güldemann 2014). The Khoisan 
languages of southern Africa can be seen as a Sprachbund1 
represented by three independent language families; north-
ern Khoisan (Ju family:2 northeastern Botswana, northern 
Namibia, southern Angola); southern Khoisan (Tuu family: 
southern Botswana and South Africa); and an additional lin-
guistic family (Khoe-Kwadi) spoken by San groups in Bot-
swana and the KhoeKhoe speaking herders of Namibia and 
South Africa (such as the Nama) (Fig. S1; Table S1) (Gülde-
mann 2014). Today, remnant Khoe-San groups still live in a 
wide geographic region across southwestern Africa, 
1 The Khoisan languages of southern Africa can be classified as a 
Sprachbund, i.e., a group of languages that share common areal fea-
tures but not necessarily separates from a common source.
2 The newer division name of ‘northern Khoisan’ is K’xa (see Online 
Resource 1, Table S1). The K’xa division includes the Ju division 
and, in addition, a single, related language, ǂHõa. For the purposes of 
this article Ju is used in reference to northern Khoisan, since no ǂHõa 
speakers are present in the dataset.
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extending from southern Angola in the north to the Western 
Cape Province (South Africa) in the south. The Khoe-San 
peoples of southeastern Africa have to a large extent lost 
their identities, and have integrated into other populations.
Most of the San hunter-gatherer groups who used to 
occupy the geographic region, now known as South Africa, 
belonged to the !Ui branch of the Tuu family (southern 
Khoisan) (Table S1; Fig. S1; Fig. 1). In historical times, 
!Ui dialect clusters were spoken throughout all the parts of 
the interior of South Africa. The geographic range of these 
languages stretched from Namaqualand in the west through 
the Northern Cape Province, the Free State Province and 
Lesotho, to KwaZulu-Natal and the southeastern parts of 
Mpumalanga Province in the east (Fig. S1). In the west, the 
N||ng language still has a few active speakers amongst the 
ǂKhomani people; however, the ǂKhomani group represent 
a recently forged community, whose members have a com-
plex and diverse origin and ancestry (see Online Resource 
1, Supplementary Note 5 for additional notes on the 
ǂKhomani). Although an extinct language, the best docu-
mented !Ui language is |Xam, a language mainly spoken in 
the Karoo region, south of the Orange River. The Karretjie 
people, itinerant groups who today live in the Cape Karoo, 
are believed to be decedents of |Xam speakers (see Online 
Resource 1, Supplementary Note 4 and (Schlebusch et al. 
2011) for additional notes on the Karretjie People). There 
were, however, other !Ui dialect clusters in South Africa 
(Fig. S1; Table S1). A few of the languages from these 
dialect clusters were recorded, and still had some active 
speakers in the recent history, such as ||Xegwi from Lake 
Chrissie. Of the other !Ui dialects and dialect clusters, very 
little, other than a name, is known, for example, ǂUngkue 
of the Warrenton-Windsorton area in the northern Cape and 
!Gã!ne of the eastern Cape region (Traill 1996).
Recent genetic studies on African and global popula-
tion structure constantly identified Khoe-San groups as 
the most divergent group of modern humans (split dated 
to ≥100 kya, or ≥200 using the pedigree-based mutation 
rate) (Gronau et al. 2011; Schlebusch et al. 2012; Veer-
amah et al. 2011). Furthermore, among Khoe-San groups, 
the level of stratification suggests deep separation between 
northern (Ju speakers) and southern (Tuu speakers) Khoe-
San, dating to ~35 kya (Schlebusch et al. 2012). It is thus 
important to trace the genetic affinities of disappearing 
Khoe-San groups, such as the Lake Chrissie San and the 
Duma San. Such work contributes towards the effort to 
better understand the genetic diversity of southern African 
Khoe-San groups, and the history of the people that lived 
in southern Africa prior to the arrival of European settlers 
in the 1600s and Bantu-speaking farmers several hun-
dred years earlier. Here, we report, for the first time, on 
the genetic affinities of a few remaining individuals from 
two southeastern groups with remnant San oral traditions, 
namely, the Lake Chrissie San and the Duma San of the 
uKhahlamba-Drakensberg.
Results
We genotyped ~2.2 million SNPs in three individuals 
from Lake Chrissie (Chrissie San from here onwards) 
and five Duma San individuals from the KwaZulu-Natal 
uKhahlamba-Drakensberg (Duma San from here onwards) 
(Fig. 1a; “Methods”). The genotype data were combined 
and analyzed with three different comparative data sets, 
varying in the number of populations and individuals and 
the number of overlapping SNPs (Methods and Table S1). 
The ‘southern African data set’ consisted of the eight new 
individuals combined with data from Schlebusch et al. 
(2012), which added an additional 117 southern Africa 
individuals from eight Khoe-San and two Bantu-speaking 
populations (Fig. 1a). The ‘KGP extended data set fur-
ther added two groups of West African ancestry, one East 
African, and three non-African populations from the 1000 
genomes Omni2.5 M data (Methods and Table S1). Both 
these data sets contain ~2.1 million SNPs. The third com-
parative data set, the “East African extended data set”, con-
tained six additional East African populations from Pagani 
et al. (2012) (“Methods”; Table S1), but contains fewer 
SNPs (~620,000 SNPs).
To summarize the genetic variation and affinities among 
the individuals, we used the principal component analysis 
(PCA) for the southern African data set (Fig. 1b; Fig. S2). 
The first principal component (PC1) that captures the great-
est amount of variation (explaining 3.282 % of the varia-
tion) separates Khoe-San individuals from Bantu speakers, 
and PC2 (1.528 %) separates northern San from southern 
San individuals. On PC1, the Chrissie San individuals are 
located about half-way in-between the two extremes. We 
further used an unsupervised clustering approach (Alex-
ander et al. 2009) to estimate admixture fractions among 
individuals and to obtain a more detailed picture of the 
relationships among the individuals. The result from the 
PCA is also reflected in the admixture analysis assuming 
two clusters (K2), where the Chrissie San had an average 
of 41.6 % Khoe-San and 58.4 % Bantu-speaker ancestry 
(Fig. 1c; Fig. S3). With the inclusion of a non-admixed 
west African population (YRI-Yoruba) as reference in the 
KGP-extended data set (Fig. S4), the West African origin 
Bantu-speaker ancestry in the Chrissie San decreases to 
51.3 %, and the Khoe-San ancestry increases to 48.7 % 
(at K3 in Fig. S4). This difference is because of the cryp-
tic Khoe-San admixture in the southeastern Bantu speakers 
(SE-Bantu in the figure) and southwestern Bantu speak-
ers (SW-Bantu in the figure) that becomes visible with the 
inclusion of a non-admixed West African group.
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The Duma San individuals on the other hand clearly 
grouped with southeastern Bantu speakers in both the PC 
and the admixture analysis. Although Khoe-San admix-
ture among the Duma San individuals is visible (mean of 
11.33 % at K2 in Fig. 1c and Fig. S3 and mean of 19.35 % 
at K3, Fig. S4), it was not significantly greater (p values 
>0.722, Mann–Whitney U test) than the level of Khoe-San 
admixture in the southeastern Bantu-speaking populations 
(mean of 9.03 % at K2 in Fig. 1c and Fig. S3 and mean 
of 18.97 % at K3, Fig. S4). This observation of similar 
amounts of Khoe-San admixture in Duma San compared 
to southeastern Bantu speakers is also confirmed by the 
admixture analysis at the level, where southeastern Bantu 
speakers form their own cluster (K8, Fig. S4, and K5, 
Fig. 1c and Fig. S3—light green cluster). At this level of 
clustering, most Duma San ancestry are assigned entirely 
to the southeastern Bantu-speaker cluster (light green clus-
ter), whereas a large part of the Chrissie San ancestry can 
be assigned to a Khoe-San cluster (red cluster).
The Khoe-San ancestry fraction of the Chrissie San 
individuals clearly group with southern San individuals 
(red cluster from K3 and onwards—Fig. 1c; Fig. S3) and 
not with northern San (dark purple cluster from K3 and 
onwards). This is also visible on PC2 of the PCA (Fig. 1b; 
Fig. S2). Finer level clustering seems to indicate an affili-
ation of the Chrissie San with the Karretjie people (K8—
Fig. 1c and Fig. S3, and PC7—Fig. S2), rather than with 
the other groups who show southern San ancestry (e.g., 
ǂKhomani, Askham Coloured, or Nama). However, PC6 
(Fig. S2) also show some affinity between the Chrissie San 
and the Kalahari Khoe-Speaking central San groups |Gui 
and ||Gana. This association of the Chrissie San with the 
|Gui and ||Gana is also seen at K7 (Fig. 1c). The Karretjie 
individuals have not been assigned into a separate cluster 
at the K7 level, and the Chrissie San are grouping here 
with the |Gui and ||Gana, rather than with the red cluster 
that collects the majority of the ancestry of Karretjie peo-
ple, ǂKhomani, and Askham Coloured and Nama individu-
als. Assuming eight clusters, the Karretjie people individu-
als receive their own cluster (K8 in Fig. 1c). At this level 
of resolution, the Chrissie San groups with the Karretjie 
people rather than the |Gui and ||Gana, suggesting stronger 
affinity to the Karretjie people than to the |Gui and ||Gana.
The introduction of pastoralist practices and the appear-
ance of Khoekhoe groups in southern Africa ~2000 years 
ago have been associated with a migration of people from 
East Africa followed by admixture with indigenous San 
groups (Breton et al. 2014; Macholdt et al. 2014a, b; Schle-
busch et al. 2012). For instance, the Nama (a Khoekhoe 
group) have a distinct fraction, 10–15 % of their ances-
try tracing to the East African migrants. Both the Chrissie 
San and the Duma San do not show this pattern of a lim-
ited east African ancestry (neither in the PC analysis nor 
the admixture analysis), while this component was clearly 
visible in the Nama (blue component—K5—Fig. S4) and 
to some extent the ǂKhomani and Coloured-Askham popu-
lations. An f3 test for east African admixture in the Chris-
sie San also confirmed the absence of East African ances-
try (positive Z scores, Table S3a). This absence of the East 
African component in the Chrissie San is further confirmed 
by the admixture analysis of the extended east African data 
set, which contains six more East African comparative 
groups (Fig. S5). The East African component in the Nama 
is seen here to associate the strongest with the Amhara and 
Oromo populations from Ethiopia (K11-12, Fig. S5). From 
the admixture analysis, no East African component was 
found in the Duma San; however, an f3 test for East Afri-
can ancestry indicated some level of admixture (negative Z 
scores, Table S3a). Since the Duma San appear very simi-
lar to southeastern Bantu speakers in the admixture analy-
sis, we also tested the southeastern Bantu speakers for East 
African ancestry (Table S3a, S3b) and found similar signals 
of East African admixture (Table S3b). Thus, the East Afri-
can admixture observed in the Duma San samples is likely 
of the same origin as the East African admixture in the 
southeastern Bantu speakers. The Duma San further show 
weak evidence of non-African admixture (slightly negative 
Z scores, Table S3a) that is not observed in Bantu speakers 
(Table S3a, S3b).
The West African ancestry fraction of Chrissie San and 
Duma San is clearly more associated with southeastern 
Bantu speakers from South Africa compared to southwest-
ern Bantu speakers from Namibia (Fig. 1c; Fig. S3). An f3 
test with (presumably) non-admixed Khoe-San (Ju|’hoansi) 
individuals and West African Yoruba individuals as source 
populations indicates admixture between West African 
groups (Bantu speakers) and Khoe-San in both Duma San 
and Chrissie San (negative Z scores in both Duma San and 
Chrissie San, Table S3a, S3b). We also dated the Khoe-
San and Bantu-speaker admixture events in the Duma San 
(Table S4), using admixture linkage disequilibrium decay 
curves, and obtained a date of 33 generations (0.002885 
residual SE) which translates to 830 years ago (25 years/
generation) for Duma San (Table S4). This admixture date 
is very similar to the southeastern Bantu-speaker admixture 
date (31 generations), but different from other Khoe-San 
and southwestern Bantu-speaker groups’ admixture dates 
(Table S4). The Chrissie San admixture date could not be 
determined due to a too small sample size.
Discussion
The three Chrissie San individuals, who had oral and 
recorded histories of being descendants of the ||Xegwi 
from Lake Chrissie (see Online Resource 1, Supplementary 
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note 2 on the ||Xegwi), clearly had a distinct and substan-
tial Khoe-San genetic component. All the three Chrissie 
San individuals show close to half of their ancestry trac-
ing to Bantu-speaking groups and half of their ancestry 
tracing to Khoe-San groups, which could be placed into 
context of other Khoe-San groups by comparison with 
published genetic data. The Khoe-San component of the 
Chrissie San showed a clear affinity to the descendants of 
southern San groups (e.g., ǂKhomani and Karretjie people). 
Within the southern San cluster, the Chrissie San genomes 
showed similarity to the Karretjie people (rather than the 
ǂKhomani), and also to the |Gui and ||Gana groups from 
Botswana. This affinity is not unexpected, considering that 
these two groups are the geographically closest groups in 
the comparative data to the historical known area of the 
||Xegwi (Karretjie people—702 km and |Gui + ||Gana—
631 km, vs. the ǂKhomani—939 km). Furthermore, our 
findings align with linguistic inferences, since the ||Xegwi 
language belongs to the same linguistic branch (!Ui of the 
Tuu family) as the language of the probable ancestors of 
the Karretjie people (|Xam). The evidence of admixture 
from southeastern Bantu speakers was not surprising, since 
some of the investigated individuals reported Swazi (Bantu 
speaker) parents or grandparents and the current-day Chris-
sie San speak the Swazi language (although their historic 
language were ||Xegwi and Southern Sotho—see Online 
Resource 1, Supplementary note 2). The combined South-
ern San and Bantu-speaker ancestry of the Lake Chrissie 
San is also apparent in the affinities of their mtDNA and 
Y-chromosome haplogroups (see previously published 
results in (Schlebusch et al. 2013) and (Naidoo et al. 2010) 
and Online Resource 1, Supplementary Note 6). While all 
the three Lake Chrissie individuals carry mtDNA haplo-
groups likely autochthonous to the region (L0d and L0a 
haplogroups), their Y-chromosome haplogroups (E1b1a1 
and B2a) suggest paternal line contributions from Bantu 
speakers.
Aside from Southern San and Bantu-speaking ancestry, 
we did not find other significant ancestry contributions 
(i.e., eastern African or European) in the Chrissie San. 
It has been shown previously that the genetic makeup of 
the Nama (a Khoekhoe herding group) is best explained 
by admixture between a southern San group and a group 
that migrated from East Africa that brought herding prac-
tices to southern Africa (Breton et al. 2014; Macholdt 
et al. 2014a). There is also a linguistic hypothesis that the 
Khoe-Kwadi language family emerged through contact 
between southern African languages and an immigrant 
language group, possibly associated with the introduc-
tion of herding to southern Africa (Güldemann 2008). 
From historical records, it is known that Khoekhoe herd-
ing groups, such as the Nama, Eini, !Ora, and Cape Khoe-
khoe groups, occupied the western parts of South Africa 
(Fig. S1) (Barnard 1992), although it is still unclear if the 
Khoekhoe range extended into the more central and east-
ern parts of southern Africa (north of the Orange river and 
perhaps the Vaal river) (Ehret 2008). Chrissie San indi-
viduals do not harbor genetic material from East African 
groups, in contrast to, for example, the Nama. This result 
does not rule out that Khoekhoe people were present in 
these areas, since the ||Xegwi were hunter-gathering San 
and not Khoekhoe herders. The absence of East African 
admixture, however, indicates that: (1) there were no 
Khoekhoe groups for long periods in this region or (2) 
the ||Xegwi San lived separated from potential Khoekhoe 
groups in the region.
In contrast to the Chrissie San, the Duma San individu-
als showed a genetic background very similar to southeast-
ern Bantu speakers—with low levels of Khoe-San admix-
ture similar to the levels in southeastern Bantu speakers. 
The admixture into Duma San was dated to 830 years ago 
and is consistent with southeastern Bantu speakers arriving 
in the interior parts of the KwaZulu-Natal region of South 
Africa during the early stages of the second millennium AD 
(Ribot et al. 2010). It, therefore, seems that the oral history 
of San ancestry in this group was not clearly distinguish-
able in their genetic ancestry. Nonetheless, the Duma San 
do contain a fraction of San ancestry (even though it was 
at similar levels as southeastern Bantu speakers) and it 
might be that the Duma San kept an oral tradition of their 
San ancestry, while in the rest of the southeastern Bantu 
speakers, this history was lost. Duma San Y-chromosomes 
belonged to the Bantu speaker associated haplogroups, 
E1b1a1 and B2a, and their mtDNA haplogroups were from 
both Bantu speaker (L3 and L2a) and Khoe-San (L0d) ori-
gin (see (Schlebusch et al. 2013) and (Naidoo et al. 2010) 
and Online Resource 1, Supplementary Note 6). We, fur-
thermore, detected the evidence of East African admixture 
in the Duma San. This East African ancestry, however, was 
also found in the southeastern Bantu speakers, and it is 
likely a consequence of their migration route, where south-
eastern Bantu speakers have been following a route through 
East Africa during the “Bantu expansion”, starting from 
West Africa (Guthrie 1948; Holden 2002; Li et al. 2014). 
Furthermore, historical documentation also shows that 
the amaThola (who later became the Duma San) incorpo-
rated Cape Khoekhoe into their group (Challis 2008). The 
East African ancestry in the Duma San could, therefore, 
stem from either or both of these sources (i.e., southeast-
ern Bantu speakers and Cape Khoekhoe). Furthermore, the 
Duma San show weak evidence of non-African admixture 
that is not observed in Bantu speakers. This weak signal of 
non-African admixture possibly points to the oral histories 
of Indian and European admixture in the Duma San (also 
see Online Resource 1, Supplementary note 3 on the com-
plex history and diverse origins of the Duma San).
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This study illustrates how genetic tools can be used to 
pinpoint the genetic ancestry of people who lost their historic 
roots and who only recalled a vague oral tradition of their 
ancestry. In certain cases, oral traditions and genetic ancestry 
do not correlate, as was seen in the case of the Duma San, but 
in the case of the Lake Chrissie ||Xegwi descendants (Chris-
sie San), we could clearly distinguish Khoe-San ancestry. 
We illustrated that the ||Xegwi of Lake Chrissie were geneti-
cally related to southern San groups, which is in agreement 
with written records that the ||Xegwi spoke a language that 
grouped into the !Ui sub-group of Tuu (southern Khoisan) 
(Fig. S1; Table S1). Among southern San groups, the ||Xegwi 
are closer affiliated genetically with the descendants of |Xam 
speakers (Karretjie people), compared to the descendants of 
N||ng speakers (ǂKhomani), but the ||Xegwi of Lake Chrissie 
also showed genetic affinity to Botswana San groups. Thus, 
although most of the southern San groups of South Africa 
(who spoke Tuu languages) are culturally extinct today, we 
can add their genetic variation to the known range of human 
genetic variation by including their descendant groups in the 
genetic analysis. This was previously done for the ǂKhomani 
and the Karretjie people, who were demonstrated to be repre-
sentatives of southern San groups, and who separated around 
35 kya from northern San groups (e.g., the Ju|’hoansi from 
Namibia). This study adds to the diversity of human genetic 
variation across the world and reveals the population history 
of the lost southeastern San groups, such as the descendants 
of the ||Xegwi from Lake Chrissie.
Methods
Sampling and genotyping
DNA samples used in this study have been collected dur-
ing two field trips to Kamberg (in the KwaZulu-Natal 
Province of South Africa) and Lake Chrissie (in the Mpu-
malanga Province of South Africa) (Fig. 1a). The project 
was approved by the Human Research Ethics Committee 
(Medical) at the University of the Witwatersrand, Johan-
nesburg (Protocol Number: M050902). Informed consent 
was obtained from all individual participants included in 
the study. Peripheral blood was collected in EDTA tubes. 
DNA was extracted using a salting-out method (Miller 
et al. 1988). Three unrelated individuals with an oral his-
tory of ||Xegwi ancestry from Lake Chrissie and five unre-
lated individuals with an oral history of Duma San ancestry 
were selected for SNP typing. Samples were genotyped on 
the Illumina Omni2.5 M (HumanOmni25-8v1-2_A1) SNP 
chip. Genotyping was performed by the SNP&SEQ Tech-
nology Platform in Uppsala, Sweden (www.genotyping.
se). Results were analyzed using the software GenomeStu-
dio 2011.1, and the data were exported to Plink format and 
aligned to Human Genome build version 37. Genotype data 
are available from the ArrayExpress database (http://www.
ebi.ac.uk/arrayexpress) and on the research group home-
page (http://jakobssonlab.iob.uu.se/data/).
SNP data processing and filtering
SNP data quality filtering and merging to comparative 
data was done with PLINK v1.90b3 (Chang et al. 2015). 
A 10 % genotype missingness threshold was applied, and 
the HWE rejection confidence level was set to 0.001. SNPs 
with a chromosome position of 0, indels, duplicate-, mito-
chondrial-, and sex chromosome SNPs were removed. All 
individuals passed a missingness threshold of 15 % and a 
pairwise IBS threshold of 0.25 (for identification of poten-
tial relatives). The resultant data set of 2257,682 SNPs and 
eight individuals was merged with data from Schlebusch 
et al. 2012 (Schlebusch et al. 2012), containing 2286,795 
quality-filtered autosomal SNPs typed in 117 southern Afri-
can Khoe-San and Bantu speakers. Before merging the data 
sets, AT and CG SNPs were removed from the data sets. 
During the merge the strands of mismatching, SNPs were 
flipped once, the remaining mismatches were removed, and 
only the intersection between the data sets were kept. The 
resultant “southern African data set” contained 125 individ-
uals form 12 populations and 2109,357 SNPs.
To get a more extensive set of African and non-Afri-
can comparative data, we, furthermore, downloaded 
SNP data (typed on a similar Illumina Omni chip as our 
data), from the 1000 Genomes Project website, at ftp://
ftp.1000genomes.ebi.ac.uk/vol1/ftp/technical/work-
ing/20120131_omni_genotypes_and_intensities/ (Auton 
et al. 2015). The 1000 genomes genotype data were qual-
ity filtered using the same thresholds as used in our data 
sets (described above). The following populations were 
included from the 1000 genomes data set: YRI and LWK 
(Yoruba and Luhya—West African ancestry), MKK 
(Maasai—East African), and TSI, CEU, and JPT (Tuscans, 
northeast European ancestry, Japanese—non-African). All 
populations were randomly down-sampled to 20 individu-
als. This merged “KGP extended data set” included a total 
of 2104,593 high-quality SNPs in 245 individuals from 18 
populations.
To include additional East African comparative data, 
the KGP extended data set was then merged with data 
from Pagani et al., (Pagani et al. 2012). Since the Pagani 
data were mapped to hg18, we converted the positions to 
hg19 to match the previous data sets, using the LiftOver 
tool (https://genome.ucsc.edu/cgi-bin/hgLiftOver). The 
Pagani et al. data were quality filtered and merged to the 
combined data set in the same way as described above. The 
following populations were included from the Pagani data 
set: Amhara (Ethiopia, Semitic), Ari-Blacksmith (Ethiopia, 
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Omotic), Gumuz (Ethiopia, Nilotic), Oromo (Ethiopia, 
Cushitic), Somali (Somalia), and Sudanese (South Sudan). 
All populations from Pagani et al., containing more than 
20 individuals, were randomly down-sampled to 20 indi-
viduals. Since the Pagani et al. data set was generated on an 
Illumina Omni 1 M chip, less SNPs remained after merg-
ing with our data sets. This merged “East African extended 
data set”, therefore, contained 627,777 variants in 354 indi-
viduals from 24 populations.
Population genetic analysis
The population genetic analysis was conducted for all 
the three different data sets: (1) the southern African data 
set (8 new individuals combined with Schlebusch et al. 
data), containing 125 individuals form 12 populations and 
2109,357 SNPs; (2) the KGP extended data set (southern 
African data set combined with 1000 genomes Omni2.5 M 
data), containing 245 individuals from 18 populations 
and 2104,593 SNPs; and (3) East African extended data 
set (KGP extended data set combined with Pagani et al. 
data), containing 354 individuals form 24 populations and 
627,777 SNPs.
We inferred admixture fractions (Alexander et al. 2009) 
to investigate genomic relationships among individuals 
based on the SNP genotypes. Default settings and a random 
seed were used. Between 2 and 15 clusters (K) were tested 
(K = 2 to 15). A total of 100 iterations of ADMIXTURE 
were run for each value of K, and the iterations were ana-
lyzed using CLUMPP (Jakobsson and Rosenberg 2007) for 
each K to identify common modes among replicates; the 
LargeKGreedy algorithm with 1000 repeats was used. Pairs 
of replicates yielding a symmetric coefficient G′ ≥ 0.9 
were considered to belong to common modes. The most 
frequent common modes were selected, and CLUMPP was 
run a second time for all values of K containing the most 
frequent common mode (LargeKGreedy algorithm, 10,000 
repeats). The results were visualized using DISTRUCT 
(Rosenberg 2004).
PCA was performed with EIGENSOFT (Patterson et al. 
2006; Price et al. 2006) with the following parameters: r2 
threshold of 0.2, population size limit of 20, and 10 itera-
tions of outlier removal.
We estimated the admixture time based on linkage dis-
equilibrium (LD) decay due to admixture (Patterson et al. 
2012) and computed additional tests of admixture (f3 tests) 
(Patterson et al. 2012). Default parameters were used. Vari-
ous f3 tests were conducted, and various LD decay curves 
were estimated using different populations as the two 
parental reference populations (Tables S3, S4). Ju|’hoansi 
was used as a Khoe-San source population and Yoruba 
(YRI) as a West African source population to minimize the 
effect of admixture in the source populations. The standard 
error was estimated with a jackknife procedure. Genera-
tions were converted to years using 25 years per generation.
Acknowledgments This research was initiated by HS under the aus-
pices of a grant from the South African Medical Research Council. 
We thank Mario Vicente for sample preparation for genotyping. The 
genotyping and analysis work were supported by grants from the 
Swedish Research Council and the Wallenberg Foundation (MJ), and 
the Swedish Research Council (CMS). Genotyping was performed by 
the SNP&SEQ Technology Platform in Uppsala. The platform is part 
of Science for Life Laboratory at Uppsala University and supported 
as a national infrastructure by the Swedish Research Council. The 
computations were performed at Uppsala Multidisciplinary Center for 
Advanced Computational Science (UPPMAX).
Compliance with ethical standards 
Ethical approval All procedures performed in studies involving 
human participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with the 1964 
Helsinki declaration and its later amendments or comparable ethical 
standards.
Conflict of interest On behalf of all authors, the corresponding author 
states that there is no conflict of interest.
Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons license, and indicate if changes were 
made.
References
Adhikari M (2010) The Anatomy of South African Genocide: The 
extermination of the Cape San peoples. UCT Press, Cape Town
Alexander DH, Novembre J, Lange K (2009) Fast model-based 
estimation of ancestry in unrelated individuals. Genome Res 
19:1655–1664
Auton A, Brooks LD, Durbin RM, Garrison EP, Kang HM, Korbel JO, 
Marchini JL, McCarthy S, McVean GA, Abecasis GR (2015) A 
global reference for human genetic variation. Nature 526:68–74
Barnard A (1992) Hunters and herders of southern Africa—a compar-
ative ethnography of the Khoisan peoples. Cambridge University 
Press, Cambridge
Beaumont P (1967) The brotherton shelter. S Afr Archaeol Bull 
22:27–30
Bourquin W (1951) Click-words which Xhosa, Zulu and Sotho have 
in common. Afr Stud 10:59–81
Breton G, Schlebusch CM, Lombard M, Sjodin P, Soodyall H, Jakob-
sson M (2014) Lactase persistence alleles reveal partial East 
african ancestry of southern african Khoe pastoralists. Curr Biol 
24:852–858
Challis W (2008) The impact of the horse on the amatola “Bushmen”: 
new identity in the Maloti-Drakensberg mountains of Southern 
Africa. Unpublished PhD thesis, University of Oxford
Chang CC, Chow CC, Tellier LC, Vattikuti S, Purcell SM, Lee JJ 
(2015) Second-generation PLINK: rising to the challenge of 
larger and richer datasets. Gigascience 4:7
1373Hum Genet (2016) 135:1365–1373 
1 3
De Villiers H (1968) The skull of the South African negro. Witwa-
tersrand University Press, Johannesburg
Ehret C (2008) The early livestock raisers of southern Africa. South-
ern African Humanities 20:7–35
Filter H (1925) Die Buschmänner. Hermannsburger Missionsblatt 
10:186–189
Galloway A (1936) Some prehistoric skeletal remains from the Natal 
coast. Trans R Soc S Afr 23:277–295
Greenberg JH (1966) The languages of Africa. Indiana University 
Press, Bloomington
Gronau I, Hubisz MJ, Gulko B, Danko CG, Siepel A (2011) Bayesian 
inference of ancient human demography from individual genome 
sequences. Nat Genet 43:1031–1034
Güldemann T (2008) A linguist’s view: Khoe-Kwadi speakers as the 
earliest food-producers of southern Africa. In: Sadr K, Fauvelle-
Aymar F-X (eds) Khoekhoe and the origins of herding in south-
ern Africa, vol 20., 1Southern African Humanities, Pietermaritz-
burg, pp 93–132
Güldemann T (2014) “Khoisan” linguistic classification today. In: 
Güldemann T, Fehn A-M (eds) Beyond ‘Khoisan’: historical 
relations in the Kalahari Basin. Current Issues in Linguistic The-
ory 330. John Benjamins, Amsterdam, pp 1–41
Guthrie M (1948) The classifcation of the bantu languages. Oxford 
University Press for the International African Institute, London
Holden CJ (2002) Bantu language trees reflect the spread of farming 
across sub-Saharan Africa: a maximum-parsimony analysis. Proc 
Biol Sci 269:793–799
Jakobsson M, Rosenberg NA (2007) CLUMPP: a cluster matching 
and permutation program for dealing with label switching and 
multimodality in analysis of population structure. Bioinformatics 
23:1801–1806
Korsman SA, Plug I (1992) Archeological evidence and ethnographic 
analogy—interpreting prehistoric social behaviour at Honingklip 
in the eastern Transvaal. S Afr J Ethnol 15:120–126
Lanham LW, Hallowes DP (1956) Linguistic relationships and con-
tacts expressed in the vocabulary of Eastern Bushman. African 
Studies 1:45–48
Li S, Schlebusch C, Jakobsson M (2014) Genetic variation reveals 
large-scale population expansion and migration during the 
expansion of Bantu-speaking peoples. Proc Biol Sci 281(1793). 
doi:10.1098/rspb.2014.1448
Macholdt E, Lede V, Barbieri C, Mpoloka SW, Chen H, Slatkin M, 
Pakendorf B, Stoneking M (2014a) Tracing pastoralist migra-
tions to southern Africa with lactase persistence alleles. Curr 
Biol 24:875–879
Macholdt E, Slatkin M, Pakendorf B, Stoneking M (2014b) New 
insights into the history of the C-14010 lactase persistence 
variant in Eastern and Southern Africa. Am J Phys Anthropol 
156:661–664
Miller SA, Dykes DD, Polesky HF (1988) A simple salting out pro-
cedure for extracting DNA from human nucleated cells. Nucleic 
Acids Res 16:1215
Mitchell P (1990) Preliminary report on the Later Stone Age sequence 
from Tloutle Rock Shelter, Western Lesotho. S Afr Archaeol 
Bull 12(24):100
Murray NL (1933) Skeletal remains from rock shelters in Cathkin 
Park, Natal. Bantu Studies 7:201–215
Naidoo T, Schlebusch CM, Makkan H, Patel P, Mahabeer R, Erasmus 
JC, Soodyall H (2010) Development of a single base extension 
method to resolve Y chromosome haplogroups in sub-Saharan 
African populations. Investig Genet 1:6
Pagani L, Kivisild T, Tarekegn A, Ekong R, Plaster C, Gallego Romero 
I, Ayub Q, Mehdi SQ, Thomas MG, Luiselli D, Bekele E, Brad-
man N, Balding DJ, Tyler-Smith C (2012) Ethiopian genetic 
diversity reveals linguistic stratification and complex influences 
on the Ethiopian gene pool. Am J Hum Genet 91:83–96
Patterson N, Price AL, Reich D (2006) Population structure and eige-
nanalysis. PLoS Genet 2:e190
Patterson N, Moorjani P, Luo Y, Mallick S, Rohland N, Zhan Y, Gen-
schoreck T, Webster T, Reich D (2012) Ancient admixture in 
human history. Genetics 192:1065–1093
Pickrell JK, Patterson N, Barbieri C, Berthold F, Gerlach L, Guldemann 
T, Kure B, Mpoloka SW, Nakagawa H, Naumann C, Lipson M, Loh 
PR, Lachance J, Mountain J, Bustamante CD, Berger B, Tishkoff 
SA, Henn BM, Stoneking M, Reich D, Pakendorf B (2012) The 
genetic prehistory of southern Africa. Nat Commun 3:1143
Potgieter EF (1955) The disappearing Bushmen of Lake Chrissie: a 
preliminary survey. J.L. van Schaick, Pretoria
Price AL, Patterson NJ, Plenge RM, Weinblatt ME, Shadick NA, Reich 
D (2006) Principal components analysis corrects for stratification 
in genome-wide association studies. Nat Genet 38:904–909
Prins FE (1999) A glimpse into bushman presence in the anglo-boer 
war. Natalia 29:51–59
Prins FE (2001) Rock art and motivation: the evidence from maga-
geng. Pictogram 12:14–18
Prins FE (2009) Secret san of the Drakensberg and their rock art leg-
acy. Crit Arts 23:190–208
Ribot I, Morris AG, Sealy J, Maggs T (2010) Population history and 
economic change in the last 2000 years in KwaZulu-Natal, RSA. 
S Afr Humanit 22:89–112
Rosenberg NA (2004) DISTRUCT: a program for the graphical dis-
play of population structure. Mol Ecol Notes 4:137–138
Sanders T (2013) Lake Chrissie’s Bushman past. Highveld Printers, 
Ermelo
Schlebusch CM, de Jongh M, Soodyall H (2011) Different contribu-
tions of ancient mitochondrial and Y-chromosomal lineages in 
‘Karretjie people’ of the Great Karoo in South Africa. J Hum 
Genet 56:623–630
Schlebusch CM, Skoglund P, Sjodin P, Gattepaille LM, Hernandez D, Jay 
F, Li S, De Jongh M, Singleton A, Blum MG, Soodyall H, Jakobs-
son M (2012) Genomic variation in seven Khoe-San groups reveals 
adaptation and complex African history. Science 338:374–379
Schlebusch CM, Lombard M, Soodyall H (2013) MtDNA control 
region variation affirms diversity and deep sub-structure in popu-
lations from Southern Africa. BMC Evol Biol 13:56
Schoonraad M, Schoonraad E (1972) Rotskuns van Oos Transvaal. 
Outlook 6:8–11
Stewart BA, Dewar GI, Morley MW, Inglis RH, Wheeler M, Jacobs 
Z, Roberts RG (2012) Afromontane foragers of the Late Pleis-
tocene: site formation, chronology and occupational pulsing at 
Melikane Rockshelter, Lesotho. Quatern Int 270:40–60
Traill A (1996) !Khwa-Ka Hhouiten Hhouiten—”The Rush of the 
Storm” : The linguistic death of/Xam. In: Skotnes Miscast P 
(ed) Negotiating the Presence of the Bushmen. UCT Press, Cape 
Town, pp 171–183
Veeramah KR, Wegmann D, Woerner A, Mendez FL, Watkins JC, 
Destro-Bisol G, Soodyall H, Louie L, Hammer MF (2011) An 
early divergence of KhoeSan ancestors from those of other mod-
ern humans is supported by an ABC-based analysis of autosomal 
resequencing data. Mol Biol Evol 29:617–630
Vinnicombe P (1976) People of the eland: rockpaintings of the Drak-
ensberg Bushmen as a reflection of their life and thought. Uni-
versity of Natal Press, Pietermaritzburg
Walsham How M (1962) The Mountain Bushmen of Basotoland. Van 
Schaik, Pretoria
Wells LH, Dart RA (1934) A further note on human skeletal remains 
from the Natal coast. Trans R Soc S Afr 22:235–243
Wright JB (1971) Bushman raiders of the Drakersberg, 1840-1870. 
University of Natal Press, Pietermaritzburg
Ziervogel D (1955) Notes on the language of the Eastern Transvaal 
Bushmen. In: Potgieter EF (ed) The disappearing Bushmen of 
Lake Chrissie: a preliminary survey. J.L. van Schaick, Pretoria
